Abstract Diabetes is associated with accelerated atherosclerosis and macrovascular complications are a major cause of morbidity and mortality in this disease. Although our understanding of vascular pathology has lately greatly improved, the mechanism(s) underlying enhanced atherosclerosis in diabetes remain unclear. Endothelial cell dysfunction is emerging as a key component in the pathophysiology of cardiovascular abnormalities associated with diabetes. Although it has been established that endothelium plays a critical role in overall homeostasis of the vessels, vascular smooth muscle cells (vSMC) in the arterial intima have a relevant part in the development of atherosclerosis in diabetes. However, high glucose induced alterations in vSMC behaviour are not fully characterized. Several studies have reported that impaired nitric oxide (NO) synthesis and/or actions are often present in diabetes and endothelial dysfunction. Furthermore, although endothelial cells are by far the main site of vascular NO synthesis, vSMC do express nitric oxyde synthases (NOSs) and NO synthesis in vSMC might be important in vessel's function. Although it is known that vSMC contribute to vascular pathology in diabetes by their change from a quiescent state to an activated proliferative and migratory phenotype (termed phenotypic modulation), whether this altered phenotypic modulation might also involve alterations in the nitrergic systems is still controversial. Our recent data indicate that, in vivo, chronic hyperglycemia might induce an increased number of vSMC proliferative clones which persist in culture and are associated with increased eNOS expression and activity. However, upregulation of eNOS and increased NO synthesis occur in the presence of a marked concomitant increase of O 2-production. Since NO bioavailabilty might not be increased in high glucose stimulated vSMC, it is tempting to hypothesize that the proliferative phenotype observed in cells from diabetic rats is associated with a redox imbalance responsible quenching and/or trapping of NO, with the consequent loss of its biological activity. This might provide new insight on the mechanisms responsible for accelerated atherosclerosis in diabetes.
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Chronic hyperglycemia and risk of cardiovascular disease
Diabetes mellitus is characterized by accelerated atherosclerosis and increased risk of cardiovascular disease (CVD) [1, 2] . Although a number of conventional cardiovascular risk (CVR) factors are altered in diabetic patients, several studies have demonstrated that the increased CVD risk in diabetes cannot be explained by the concomitant increase in CVR factors alone [3] . Infact, recent evidences strongly suggest that hyperglycemia, probably through increased oxidative stress [4] , can induce endothelial dysfunction [1] , which plays a central role in the development of atherosclerosis [5] [6] [7] and can be considered an early sign of diabetic vascular disease.
On the other hand, although glycemic control remains the major intervention for prevention of micro-and macrovascular disease, stronger predictors of macrovascular complications are factors such as LDL cholesterol and blood pressure that may be related more to insulin resistance than to glycemic control [8] . Nonetheless, since hyperglycemia associated with insulin resistance can lead to modification of macromolecules (as advanced glycation end products that bind surface receptors) which augment the production of proinflammatory cytokines in vascular endothelial cells, the correction of both hyperglycemia and insulin resistance improves endothelial functions.
Moreover, recently growing evidence suggests that dietary factors play an important role in modulating endothelial function. Higher dietary glycemic loads have been associated with increased plasma concentrations of inflammatory cytokines and endothelial adhesion molecules, both of which are considered markers of endothelial dysfunction [9] . These findings provide additional biological mechanisms through which dietary factors, such as higher dietary glycemic load, influence the risk of cardiovascular disease. In addition, several epidemiologic and interventional studies have examined the relationship between overall dietary patterns and endothelial dysfunction. In general, a ''prudent diet'' (high intake of vegetables, legumes, fish and whole grains) is associated with a beneficial effect on the endothelium.
Thus, under physiological conditions, endothelial cells (EC) lining the lumen of all vasculature, act as an interface between circulating blood and vascular tissue and they can be considered the first vascular cells to sensor humoral changes. Therefore, due to their position, EC facilitate a complex array of functions in intimate interaction with vSMC, as well as cells within the blood compartment such as monocytes or platelets. Indeed, it has been established that the endothelium plays a critical role in overall homeostasis of the vessels. Their functions are integrated by a complex system of chemical mediators including endothelin-1 (ET-1), the vasoactive peptide angiotensin II (Ang II), leukocyte adhesion molecules, the anti-fibrinolytic factor plasminogen activator inhibitor-1 (PAI-1), reactive oxygen species (ROS), bradykinin and reactive nitrogen species such as nitric oxide (NO) [10] [11] [12] [13] . The ''endothelial system'' exerts actions on the surrounding vSMC and cells in the blood that lead to the following biological effects: (1) vasodilation (bradykinin and NO) or vasoconstriction (ET-1, Ang II, ROS) of vSMC; (2) stimulation of growth and change in phenotypic characteristics of vSMC (Ang II, ROS) or inhibition of vSMC proliferation (NO); (3) maintenance of blood fluidity and normal coagulation (PAI-1) [10] [11] [12] [13] . Therefore, the cellular effects of EC maintain a dynamic balance of opposing physiological and molecular effects with the ultimate result of allowing a proper blood supply to tissues and regulating the potential proinflammatory actions of adhesion molecules and coagulating factors [11, 12] .
Nitric oxide and endothelial function
The key factor in preserving physiological endothelial functions is NO, which is prevalently generated via the constitutive endothelial nitric oxide synthase (eNOS). Endogenous NO is synthesized via the conversion of the amino acid L-arginine in to L-citrulline by the enzyme nitric oxide synthase, of which several isoforms have been isolated, purified, and cloned. Three distinct isoforms of NOS have been identified as products of different genes, with different localization, catalytic properties and inhibitor sensitivities [11, 14, 15] . Neuronal NOS (nNOS, also known as type I NOS) predominates in neuronal tissue; it is functionally relevant in the central control of vascular homeostasis [11, 15, 16] . Inducible NOS (iNOS, also known as type II NOS), is found in a wide range of tissues and cells. Its expression is only promoted under pathophysiological situations, including endothelial dysfunction, in which macrophages exert cytotoxic effects in response to cytokines [11, [15] [16] [17] . Endothelial NOS (eNOS, also known as type III NOS) is the isoform first found in vascular EC, it is constitutively expressed and is essential for the control of vascular tone in response to several stimuli, including mechanical (i.e. shear stress), receptor dependent (i.e. acetylcholine) and receptor independent (i.e. calcium ionophore) effects.
As schematically represented in Fig. 1 , NO produced by eNOS in the endothelium diffuses to the vSMC where it activates the enzyme guanylate cyclase (GC). The concomitant increase in cyclic GMP (cGMP) then induces relaxation of the vascular smooth muscle [11, 15, 16] . Thus, the net effect of NO is an increase in vasodilation. The continual vasodilation produced by basal NO generation has a role in regulating blood pressure as well. Moreover, physiological NO acts as a pleiotropic molecule and capable of preserving vascular wall homeostasis [18, 19] also contributing to the prevention of platelet aggregation and adhesion to the vascular wall [11] ; it also controls the expression of vascular cell adhesion molecules and finally, besides its effect on relaxation of vSMC, it also inhibits vSMC proliferation and migration [18, 19] .
Thus, impaired NO synthesis and/or availability may result in endothelial and vascular wall dysfunction. Diminished NO bioavailability [4, 20, 21] has been demonstrated experimentally when vascular cells are exposed either in vitro or in vivo to a diabetic environment. The endothelium can be viewed as a target of the diabetic milieu and endothelial dysfunction is thought to play an important role in the vasculopathy of this disease state. A large body of evidence in humans indicates that endothelial dysfunction is closely associated with alteration of large vessels and atherosclerosis in type 2 diabetes [11, [22] [23] [24] [25] .
As mentioned above, under physiological conditions endothelium transmits the information about humoral changes to the other vascular cell types, in particular to vSMC, by changing their gene expression profile and coordinate the production of growth factors, cytokines, adhesion molecules and other bioactive molecules. It is known that chronic hyperglycemia, likely via increased oxidative stress, plays a critical role in endothelial dysfunction and in the etiology of atherosclerosis in diabetes [4] . Different mechanisms have been described to account for increased oxidative stress in hyperglycemic conditions: activation of Nox-based NAD(P)H oxidases [26] [27] [28] These events may lead, in turn, to redox-dependent nuclear factor-kB (NF-kB)-mediated expression of adhesion molecules and recruitment of monocytes, which become activated macrophages and secrete myeloperoxidase (MPO) [26, 35] . Dedifferentiated smooth muscle cells are activated by Ang II or cytokines, such as tumor necrosis factor-a (TNF-a), and also ROS via NAD(P)H oxidase [10, 26] . Increased ROS as well as the reactive species resulting from their reaction with NO will provoke oxidation of low density lipoproteins (LDL).
Oxidized LDL (OxLDL) induces atherosclerosis by (1) stimulating monocyte infiltration, (2) stimulating vSMC migration and proliferation, (3) contributing to impairment of the vasodilator function of arteries, and (4) participating in atherothrombosis.
Adhesion and infiltration of macrophages contributes to fatty streak formation. OxLDL induces endothelium to express adhesion molecules for monocytes, intercellular adhesion molecule-1 (ICAM-1) and vascular adhesion molecule-1 (VCAM-1), E-selectin, and fibronectin. Ox-LDL induces expression of secretory phospholipase A 2 (sPLA 2 ) and MPO in macrophages [35] [36] [37] . sPLA 2 liberates polyunsaturated fatty acid from LDL and increases the formation of oxidized phospholipids. sPLA 2 Á-has been linked to the production of harmful oxidative products such as peroxynitrite [17] . Importantly, it has also been shown that diabetes/hyperglycemia increases the concentration of asymmetric dimethylarginine ( Endothelial dysfunction is associated with enhanced platelet adhesion, increased procoagulant activity, and impaired fibrinolysis. OxLDL stimulates platelet adhesion and aggregation by decreasing endothelial production of NO, increasing prostacyclin production, and stimulating the synthesis of prostaglandins and prostaglandin precursors. OxLDL enhances the procoagulant activity of endothelium by inducing release of tissue factor (TF) by EC and smooth muscle cells [35, 59, 60] . TF is a cofactor of factor VIIa that activates factors IX and X, resulting in thrombin formation. OxLDL reduces the fibrinolytic activity of endothelium by decreasing secretion of tissuetype plasminogen activator (tPA) and increasing the release of PAI-1 [35, 61, 62].
Actually, although our understanding of endothelial dysfunction in diabetes has lately greatly improved (as schematically summarized in Fig. 2 ), researchers have yet to understand the precise mechanisms that leads to diabetic vascular disease. As previously mentioned, hyperglycemia has been identified as independent risk factor for microand macrovascular complications. Although elevated levels of glucose, likely mediated by PKC activation [34, 63, 64] , induce expression of procoagulant and extracellular matrix proteins, inhibit fibrinolysis, decrease endothelium proliferation and increase apoptosis of endothelial cells NF-kB nuclear factor-kB; Nox NADPH-oxidase; ONOO -, peroxynitrates; BH4 tetrahydrobiopterin; PLA 2 phospholipase A 2 ; MPO myeloperoxidase; SR scavenger receptor; AngII angiotensin II; PDGF platelet-derived growth factor; bFGF, basic fibroblast growth factor; ROS reactive oxygen species; RNS reactive nitrogen species; ox-LDL oxidized low density lipoproteins [4, [65] [66] [67] [68] [69] , most of the current knowledge about the molecular mechanism used by glucose to regulate gene expression is based on studies that employed cells with insulin-dependent glucose transport, such as adipocytes and hepatocytes [70, 71] .
Regulation of vascular genes by glucose
Due to a central importance of glucose as both a fuel for energy and a substrate for the biosynthesis of cell components, all cell types have evolved mechanisms to sense glucose levels in their environment and to adapt the expression of their genes to glucose availability. In case of chronic hyperglycemia, the effect of glucose in cells that are not dependent on insulin for glucose transport, such as vascular cells, results in rapid and uncontrollable transport glucose into the cell, whereby normal metabolic pathways become rapidly overloaded. Recently, excellent reviews have detailed the vascular mechanisms of activation of main metabolic pathways by glucose [4] suggesting that the generation of ROS in response to high glucose levels in vascular cells is recognized as a mechanism responsible for the majority of the effects of glucose [76] , as shown in schematic form on the left of Fig. 3 . Nishikawa et al. [77] suggested that glucose increased production of intracellular ROS, likely through the inhibition of GAPDH activity by poly(ADP)-ribosylation, augmented diacylglycerol (DAG) levels leading to PKC activation, advanced glycation product (AGEs) formation, and the activation of polyol pathway. Inhibition of mitochondrial ROS production suppresses the high glucose-induced effects on PKC, AGEs, sorbitol formation and NF-kB activation. Although down-regulating ROS production by antioxidant treatments has been effective in vitro and can show benefits in animal models, antioxidants have failed to demonstrate any beneficial effects in terms of prevention of coronary heart disease and death [78] or on the development of vascular diabetic complication in large scale clinical trials [1, 79] .
In cultured cells stimulated with high glucose, experimental data suggest that other events can account for the initiation of signaling event leading to vascular complications. Based on these studies, it has been hypothesized that glucose metabolites can directly initiate formation of intracellular AGEs [80] and/or, by activation of hexosamine pathway, glucose might induce direct glycation of cytosolic and membrane proteins, receptors and their ligands, and that alterations in lipid patterns can change the normal signaling events [81, 82] . Interestingly, as shown in Fig. 3 [91] it has been demonstrated in glomerular mesangial cells that O-GlcNacylation is indispensable for high-glucose induced PAI-1 gene expression, PAI-1 promoter activation, and Sp1 transcription activation. As recently reviewed by Zachara and Hart [92] , O-GlcN-Ac has also been implicated in mediating many of the cytoplasmic molecular alterations induced by hyperglycemia. Infact, high glucose may also inhibit eNOS activity [93] [94] [95] by O-GlcN-Ac modification of Ser-1177, which apparently blocks insulin induced Akt phosphorylation of this aminoacid, thereby preventing enzymatic activation [93] [94] [95] . O-GlcNAc might also alter the function of vascular tissue by modulating the levels of proteins such as PAI-1 and TGF-a/b [96] [97] [98] [99] [100] [101] . Thus, these data suggest a more complicated model for the glucose induced changes in intracellular pathways, where O-GlcNacylation level may have not only a traditional role in energy metabolism but also serve as a downstream effector produced by glucose directly involved in regulating nuclear and cytoplasmic molecular activities.
In conclusion, although elevated levels of glucose may cause most vascular diabetic complication directly, our current knowledge about the molecular mechanisms of gene regulation by glucose in vascular cells is incomplete and controversial. As our understanding of the mechanisms of vascular complications associated with type II diabetes, it is becoming clear that rather than merely scavenging reactive radicals, a more comprehensive approach aimed at preventing both the generation of these reactive species and/or inhibition of enzymatic intracellular O-GlcN-acylation mechanisms may prove more beneficial.
Regulation of vascular NOS levels and activity by glucose
Although it has been demonstrated that diabetes is associated with endothelial dysfunction and it is known that endothelial-dependent vasodilation is significantly impaired in diabetic patients [102] [103] [104] , whether and in which way elevated glucose levels might affect NO synthesis and bioavailability is still a matter of controversy [6, 104, 105] . The impaired endothelium-mediated vasodilation observed in diabetic patients might suggest a deficit in NO synthesis in these subjects. Federici et al. [94] observed a blunted increase in eNOS activity in response to insulin in human artery endothelial cells cultured in elevated glucose concentrations and Du et al. [93] have reported that elevated glucose concentrations induce a decrease in eNOS activity in bovine aortic endothelial cells. However, these observations are at odds with the results of several studies demonstrating that elevated glucose concentrations in vitro are capable of up-regulating eNOS gene and protein expression to stimulate NO production in both animal [103, 106] and human [107, 108] cells. It should be pointed out, however, that increased NO synthesis does not necessarily correspond to increased NO availability. For example, there is substantial evidence that under several conditions associated with accelerated atherosclerosis, such as hypertension, hypercholesterolemia, smoking, etc., NO production is not impaired, but NO bioavailability is reduced because of oxidative inactivation by excessive production of the superoxide anion in the vascular wall [109] . In the presence of high glucose concentrations, superoxide anion generation is increased and this leads to a pro-oxidant environment. Thus, it is conceivable that in the presence of a pro-oxidant environment brought about by hyperglycemia, NO and O 2 -react very rapidly to form peroxynitrite (ONOO -): this might also be consistent with the impaired endothelial function observed in diabetes [107, 109] . Moreover, synthesis of ONOO -has been considered as a channeling mechanism that diverts NO from physiological target to pathophysiological targets. Indeed, it has been reported that NO inhibits NF-kB activation in vascular cells, including human endothelial cells [110] and rodent vSMC [111] . Paradoxically, NO has also been reported to trigger NF-kB activation in various situations [112] . There are several explanations for this apparent conflicting action of NO, as noted above, co-synthesis of O 2 -in the inflammatory environment effectively channels NO to production of ONOO -, potentially leading to NF-kB activation in vascular cells. Moreover, Du et al. [113] Fig
suggests that peroxynitrite is a mediator by NF-kB activation of cytotoxic effects of high glucose on endothelial cells.
Our recent data obtained in HUVEC cultured from umbilical cords from gestational diabetic (GD) women [20] , and thus exposed to chronic hyperglycemia in vivo, lend further support to this hypothesis: indeed, in this cellular model, Sobrevia et al. showed an increased basal NO synthesis which was maintained in cells cultured for up to five passages in vitro [114, 115] most likely via increased eNOS expression [116] .
Furthermore, although endothelial cells are by far the main site of vascular NO synthesis, vSMC do express NOS isoforms and NO synthesis in vSMC might be important in vessel's function [15, 117, 118] . However, though proliferative modification of vSMC and impaired bioavailability of NO have both been proposed among the mechanisms linking diabetes and atherosclerosis, diabetes induced modifications in phenotype and eNOS expression and activity in vSMC have not been fully characterized [21, 103, 119, 120] .
The loss of vascular homeostasis is also characterized by migration and proliferation of vascular smooth muscle cells (vSMC) and, in the arterial intima, they are key events in the development of atherosclerosis [121] . Thus, alterations in vSMC behaviour and characteristics might contribute to vascular pathology in diabetes. At least two distinct vSMC phenotypes are present in the vessel wall [122] [123] [124] , the so called contractile or differentiated vSMC phenotype, which is more abundant in healthy blood vessels, and a noncontractile or ''synthetic'' phenotype, particularly represented in areas of intense vascular remodeling such as the initial intimal atherosclerotic lesions [125] [126] [127] . In vSMC with the latter phenotype, the so called dedifferentiated vSMC, expression of proteins regulating contractile function (e.g., smooth muscle-specific isoform of myosin, alpha-actin and calponin), is decreased, while the capacity of generating extracellular matrix is increased [128, 129] . The process by which vSMC undergo a change from a quiescent state to an activated proliferative and migratory phenotype [128] is termed phenotypic modulation; it is the hallmark of atherosclerosis [121, 130] and might be enhanced in diabetes [131] [132] [133] . Indeed Suzuki et al. [134] have shown increased vSMC accumulation in atherosclerotic lesions of diabetic pigs fed a cholesterol-rich diet and abnormal cell morphology has been observed in culture of vSMC obtained from vessels of diabetic patients with severe atherosclerosis [135] .
In vSMC, altered phenotypic modulation might also involve alterations in the nitrergic systems [136, 137] . As a matter of fact, several studies have reported impaired NO synthesis and/or action in diabetes and endothelial dysfunction is often thought to be present in this disease [6, 138, 139] . In in vitro systems mimicking diabetic milieu, decreased NO availability has been consistently observed in endothelial cell cultures [108, [140] [141] [142] [143] , although several conflicting mechanisms have been proposed to explain this reduced NO availability [102, 144] .
For these reasons, we recently compared phenotypic characteristics, eNOS expression and activity and NO bioavailability in aortic smooth muscle cells from diabetic and non-diabetic rats. The results showed that diabetes is associated with modifications in vSMC phenotype and that these changes are associated with both increased eNOS expression/activity and greater basal superoxide anion release. On the other hand, NO bioavailability, as indirectly shown by lower intracellular cGMP levels, was reduced in cells from diabetic animals [21] .
It is interesting to note that, in agreement with the observations by Etienne et al. [145] , in vSMC obtained from diabetic rats (which were 90% pancreatectomized), we observed a phenotypic modulation process characterized by a decreased smooth muscle alpha-actin content: this indicates that vSMC from diabetic animals tend to switch from a contractile to a synthetic phenotype. These findings are consistent with those reported by Faries et al. [135] , who, in vSMC cultures from diabetic patients vessels, observed a significant increase in cellular adhesion, migration and proliferation rate and an atypical culture morphology, suggestive of altered contact inhibition mechanisms. Furthermore, it appears that, in cultures from diabetic animals, proliferative potential is significantly increased.
The possible mechanism(s) responsible for the phenotypic modifications and increased eNOS expression observed in vSMC from diabetic animals were not addressed by our study. However, Watson et al. [133] have recently reported that, in rat aortic SMC, high glucose levels can reduce cAMP response element-binding protein (CREB) content. This seems to be mediated by glucoseinduced reactive oxygen species [146] , and it might be relevant for phenotype modulation, since cyclic nucleotides have an important role in maintaining the mature contractile phenotype in vSMC [124] . Indeed, it appears that, in vSMC, a close relationship exists between phenotype and redox state. Thus, on one side, it has been suggested that dedifferentiated SMC have a greater capacity to produce O 2 -by NAD(P)H oxidase [136] and, on the other side, there is evidence that NAD(P)H oxidase activity causes cellular transformation toward a more proliferative and migratory phenotype [137, 147] .
Intracellular redox state is likely to be involved in the regulation of many cellular functions in vSMC, and it has been proposed that redox state might also affect NO synthesis and bioavailability [148] . vSMC are capable of NO synthesis and it is known that vSMC express iNOS, the NOS isoform inducible by inflammatory and atherogenic stimuli [117] . However, although diabetes mellitus represents a pro-atherogenic condition and it is associated with increased levels of inflammation markers [149] , in vivo or in vitro evidence supporting increased vSMC iNOS expression in diabetes is so far very scant [150, 151] . On the other hand, our data show that rat vSMC do express the eNOS constitutively and that the enzyme is active in these cells. These data are in keeping with those obtained by Boulanger et al., who showed expression of both endothelial and neuronal NOS in human vSMC [152] .
Our study also demonstrates that diabetes can affect eNOS expression and activity in rat vSMC. As a matter of fact, we observed increased eNOS mRNA levels and increased total NOS activity in vSMC from diabetic rats. As far as increased eNOS expression is concerned, our data are consistent with those reported by several groups, showing increased eNOS protein content in the aortic wall of diabetic rats [15, 103, 119] . In particular, Cai et al. [154] have recently demonstrated that, although total eNOS levels were increased, in diabetic mouse aortas NO levels were significantly decreased. Since the authors also demonstrated increased superoxide production in association with reductions in tetrahydrobiopterin, all together these data suggest that exposure to a diabetic milieu in vivo may results in greater vascular wall eNOS expression and reduced NO bioavailability (Fig. 4) .
Consistent with this idea, when we measured intracellular cGMP levels in our system, we found them decreased in cells from diabetic animals. This suggests that, in spite of increased NO synthesis, NO availability was not increased in cells from diabetic animals.
Increased oxidative stress may play a role in reduced NO availability in diabetic rats (DR) vSMC: therefore, we evaluated O 2 -production by both cell strains. As schematically represented in Fig. 4 , we observed that basal O 2 -release was greater in vSMC from diabetic as compared to control rats. It is, therefore, likely that in vSMC from diabetic animals a greater amount of NO was readily converted into peroxynitrite (ONOO -). Indeed, it has been suggested [109] that, in pro-oxidant conditions, a great amount of NO is rapidly converted into peroxynitrite and thus it is not available anymore to be released into the pericellular environment. In our experiments, vascular SMC from diabetic rats, as compared to vSMC from control rats, exhibited a less differentiated phenotype which has been associated with alteration of the redox state [136] . It is therefore conceivable that, in vSMC from diabetic rats, increased eNOS expression and activity indeed resulted in greater NO production, but that, due to a pro-oxidant intracellular status, a large portion of this NO was converted into peroxynitrite and was therefore unavailable for conversion into nitrate/nitrite and for guanylyl cyclase stimulation. Indeed, the probable increased generation of ONOO -in vSMC from diabetic rats could not compensate for the reduced NO bioavailability, since ONOO -is a much less potent activator of guanylyl cyclase than NO [155] . Our data are in keeping with those obtained by Etienne et al. [156] , who showed a lower basal cGMP content in diabetic rats than in control rats vSMC [156] . If this were to be the case, the conversion of NO into peroxynitrite could be even greater in vivo, where the presence of hyperglycemia would further increase the generation of ROS in the intra-and extra-cellular environment. In summary, it is possible hypothesized that in cells directly involved in atherosclerotic plaques formation and development like aortic SMC, chronic hyperglycemia might induce cellular dedifferentiation which persists in culture and which is associated with increased eNOS expression and activity. Since, however, chronic hyperglycemia was not associated with increased NO bioavailabilty, it is tempting to speculate that the observed dedifferentiation is also associated with a redox imbalance responsible for NO quenching and/or trapping. In conclusion, since the demonstration of an association between cellular dedifferentiation and altered NO synthetic pathways in cell strains explanted from diabetic animals may provides new insight on the mechanisms responsible for accelerated atherosclerosis in diabetes, the information about vascular NOSs localization, expression and dysfunction in diabetes and high glucose conditions is contradictory and more studies are clearly needed. 
Conclusions
In conclusion, a large body of literature supports that in vivo, chronic hyperglicemia, via several glucose impaired intracellular pathways, may lead to endothelial dysfunction and accelerated atherosclerosis in diabetes. This lends support to the concept that glycemic control remains the major intervention to prevent vascular complication in diabetes. Interestingly, recent evidences indicate the role of dietary factors (in particular of high dietary glycemic load) in the development of endothelial dysfunction, characterized by increased levels of plasma concentration of inflammatory cytokines and endothelial adhesion molecules [9] . Since endothelial dysfunction is an early step in the development of atherosclerosis, the recent study by LopezGarcia et al. suggests a role of dietary patterns in the pathogenesis of cardiovascular disease. Furthermore, insulin resistance syndrome and obesity are closely linked to atherosclerosis and may enhance the inflammatory process present in all stages of atherosclerosis [157] . Hyperglycemia associated with insulin resistance can lead to modification of macromolecules as advanced glycation end products (AGEs) that bind surface receptors, which, in turn, may augment the production of proinflammatory cytokines in vascular endothelial cells. Within the vessel wall, collagen-linked AGEs may ''trap'' plasma proteins, quench NO activity and interact with specific receptors to modulate a large number of cellular properties [158] .
Actually, little data are available to evaluate the dietary predictors for the markers of systemic inflammation and endothelial dysfunction in patients with type 2 diabetes.
In addition, although dietary fibre intake was recently associated with serum inflammatory markers in the general population [159, 160] , little is known about the effect of fibre intake on inflammatory markers among diabetic patients [161] . Because of the few number and the observational nature of these studies, further clinical trials are needed to test the potential benefits of these dietary factors among patients with type 2 diabetes. 
